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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may
change over time and conclusions should be interpreted in the light of the latest
information available.
 Chief Executive Officer, Department of Agriculture Western Australia 2001
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Summary
The response of Verano and Fitzroy cultivars to a range of levels of phosphatic fertilizer
was measured in field trials over four years to provide information for the establishment
of improved pastures in north Kimberley. The two cultivars were sown on Red earth,
Yellow lateritic earth and Pago sand in 1975 and double superphosphate was applied at
0, 25, 50 and 100 kg/ha. Basal fertilizer was applied to all plots and there was an
additional treatment of 100 kg/ha double superphosphate without basal fertilizer. The
double superphosphate treatments were re-applied to half the plots in 1976, 1977 and
1978 and the remaining half received no further fertilizer. The herbage mass of sown
legume volunteer grasses and other species was measured by annual harvests.
Legume herbage mass was maximized after two or three years application of 50 kg/ha
double superphosphate for both Verano and Fitzroy on Red earth soils and for Fitzroy
on Yellow lateritic soils. There was increased production of Verano up to the maximum
fertilizer level, even after consecutive applications of 100 kg/ha double superphosphate
for four years, on the Yellow lateritic soil, and for both varieties on the highly infertile
Pago sands.
Both varieties responded in the second year to residual P following application in the
first year but there were no responses in subsequent years. With one minor exception,
the most efficient use of residual P in the second year was after the application of 100
kg/ha double superphosphate in the establishment year. The herbage mass of the
legumes for this treatment was between 36 and 69 per cent of the corresponding
maximum herbage mass of the annually fertilized treatments. Fitzroy on Red earth
requires no additional P after the establishment year to produce near maximum herbage
mass, but additional P is required in subsequent years for Verano on Red Earth and for
both Fitzroy and Verano on the remaining Kimberley soils tested. There were indication
of deficiencies other than P on the test soils but further work is necessary to identify the
elements concerned.
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Appendices
The chemical composition of Verano and Fitzroy stylos; volunteer grasses and other
species; grown on three soils in North Western Australia.
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1. Introduction
The North Kimberley region encompasses about 90 000 km2 in the humid tropics of
Western Australia between 14 and l7°S. Despite a reliable monsoonal rainfall, of over
700 mm annually, pastoral development in the region has been slow mainly because the
natural pastures of the region provide generally poor or at best moderate grazing value
with estimated carrying capacities of only two to four cattle per km2 (Speck ~t ~1. 1960).
One method of improving the productivity of this country is to introduce legumes into the
pasture.
Kubicki and Beer (1975) identified about 10,000 km2 of North Kimberley soils suitable for
the introduction of Stylosanthes based pastures. These soils included Red earths,
Yellow podsolic soils, lateritic podsolic soils, Red and Yellow sands and levee soils.
Northern Australian soils are known for their low phosphate status (Williams and
Andrew, 1970; Isbell and Gillman, 1973) and there is no reason to suspect that
Kirnberley soils are any different (Speck ~t ~. 1960).
Small areas of North Kimberley (< 5000 ha) were sown with Townsville stylo
(Stylosanthes humilis) in the early 1970’s but pasture productivity was poor. Jones
(1974) has demonstrated appreciable differences between morphological-agronomic
groups (defined by Burt et al. 1971) of Stylosanthes selections in their phosphorus
utilization. Other studies have indicated that S. hamata cv. verano and S. scabra cv.
Fitzroy could be suitable for pasture improvement of the infertile soils of North Kimberley
(Burt et al.  1974; Edye et al. 1975; Edye et al. 1976).
This study was conducted to evaluate the potential of Verano and Fitzroy cultivars on
three soils representative of those most likely to be used for pasture development in
North Kimberley.
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2. Materials And Methods
2.1 Experimental Design
In this study we compared the herbage mass of two Stylosanthes species grown on
three soil types and fertilized with various levels of double superphosphate (DSP), which
were applied either annually for four years, or only in the first year. In year 1 (1975) the
experiments were laid out using a split plot design with S. hamata cv. Verano and S.
scabra cv. Fitzroy as the main treatment and five fertilizer levels as sub—treatments.
These were replicated three times at each site. Each fertilizer treatment was applied to 6
m x 2.5 m plots and there was a 1 m buffer between plots.
The fertilizer treatments were:
P0 Basal fertilizer only which supplied the following:
(kg/ha) 50 KC1, 50 CaSO4, 30 MgSO4, 15 MnSO4, 7 ZnSO4, 5 Na2B4O7, 0.2 (NH4)
6MO7O24
P1 25 kg/ha double superphosphate (4.4 kg/ha phosphorus (P) plus basal fertilizer.
P2 50 kg/ha double superphosphate (8.8 kg/ha P) plus basal fertilizer.
P4 100 kg/ha double superphosphate (17.6 kg/ha P) plus basal fertilizer.
p4* 100 kg/ha double superphosphate only.
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After 1975, each replicate was split in two across the legume by fertilizer plots. One half
of the plots (Pa) received an annual repeat fertilizer dressing in 1976, 1977 and 1978
while plots in the other half (Pi) received no further fertilizer treatment. The plots were
now 3 m x 2.5 m and a typical layout for a replicate is shown in Figure 1.
2.2 Site Description, Preparation and Maintenance
The experiments were located on Drysdale River Station (15°45’S; 126°23’E) on three
sites selected on soils within land systems described by Speck et al. (1960) and soil
descriptions according to Northcote (1974):
Red earth site, Barton land system Eucalyptus tectifica – E. latifolia woodland over the
tussocky perennial grasses Sorghum plumosum, Sehima nervosum, and Chrysopogon
sp.
Soil: Unconsolidated red earth (Uf 6.12.) consisting of a light clay over a light to
medium clay. Properties of the surface 0-10 cm: pH 6.6; organic C 1.0%; total N 0.07%:
total P 190 ppm: sorbed p iio ppm; (at equilibrium concentration of 0.3 ppm P); P buffer
capacity 12 ppm; soluble P (0.5 m sodium bicarbonate) <2ppm; extractable K 110 ppm;
CEC 10.2 me/100 g.
Yellow lateritic earth site, Kennedy land system Eucalyptus rniniata, E. foelsheana, E.
latifolia, E. tectifica woodland over mainly perennial grasses including Sorghum
plumosum, Chrysopogon fallax, and plectrachne pungens.
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Soil: Gradational nodular yellow earth (Gn 1.81.) consisting of a sandy loam over a
light sandy clay loam at 50 cm. Properties of the surface 0-10cm; pH 6.6; organic C
0.4%; total N 0.02%; total P 70 ppm; sorbed P 27 ppm; P buffer capacity 3 ppm; soluble
P c 2 ppm; extractable K 45 ppm; CEC 3.3 me/bOg.
Pago sand site, Pago band system Eucalyptus tetrodonta, E.  tectifica, E. po]ycarpa, E.
grandifolia, E. miniata woodland over mixed annuals and perennial grasses dominated
by Plectrachne pungens with lesser amounts of Sorghum plumosum, S. stipodium,
Chrysopogon fallax and Eriachne obtusa.
Soil: Unconsolidated yellow sand (Uc 5.11.) consisting of a loamy sand grading to a
clayey sand at 60 cm. Properties of the surface 0-10 cm; pH 5.9; organic C 0.4%; total N
0.02%; total P 60 ppm; sorbed P 24 ppm; P buffer capacity 2 ppm; soluble P c 2 ppm;
extractable K 29 ppm; CEC 2.1 me/100 g.
All sites were on previously undisturbed, unfertilized native woodland. The sites were
fenced and the trees killed but left standing with ‘Tordon 50R’ [Dow Chemical (Australia)
Ltd., active ingredient Picloram] in September 1974 to eliminate intra-site differences in
shading and root competition. All sites were ploughed with a disc plough then seeded
and fertilized by hand on 8 and 9 January 1975.  Verano plots were sown with 12 kg
pods/ha while Fitzroy plots were sown with 8 kg pods/ha.
Rainfall was not measured on site. Annual rainfall at Gibb River Station, 85 km to the
south of the research site, during the trial period was 523 mm in1975, 771 mm in 1976,
605 mm in 1977 and 700 mm in 1978. The mean annual rainfall on Gibb River over the
period of 1922 to 1982 was 762 mm (Bureau of Meteorology data).
There were no obvious signs, of fungal or insect attack nor domestic or wildlife grazing,
on the sown legumes throughout the trial. Wildfires did not occur. The weed Hyptis
supyeolens, a contaminant of the Verano seed, was removed from the plots in
November 1975 and April 1976.
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2.3 Data Collection and Analysis
2.3.1 Pasture sampling
As a measure of establishment, the number of plants of the sown legume were counted
in two 0.5 m2 quadrats per main plot in June, 1975.  Plots were sampled for herbage
mass and chemical composition on June 1975, November 1975, May 1976, June 1977
and May 1978. Samples were cut from the central 1.5 x 1.5 m section of each main plot
in Year 1 and from each subplot in subsequent years.  Verano was cut to a height of 10
cm and Fitzroy to 15 cm, in an attempt to accommodate their different growth forms.
The uncut margins were then all cut to the same sampling levels.
Each sample was separated in the field into the components sown legume, grass
species, and other species and then air dried before weighing.  The air dry material was
found to contain less than 1% moisture.  Material of each pasture component was
bulked up over the three replicates and subsampled for chemical analysis.
2.3.2 Chemical analysis
Crude protein and phosphorus were determined colorimetrically, by the indophenol blue
and molybdenum blue methods respectively, on a continuous flow analyser after
digestion with sulphuric acid and hydrogen peroxide. The same solution was used for
the determination of calcium by atomic absorption spectroscopy. Sulphur was
determined turbidimetrically after digestion with nitric and perchloric acids.
2.3.3 Statistical analyses
For each year by site combination, an analysis of variance was used to compare linear
and non-linear responses by orthogonal polynomials of the four phosphate treatments
(P0-P4) for the herbage mass of each legume, combination of grass and other species
(volunteer species), the total of legume and volunteer species and for the percentage
legume of the total herbage mass. Also comparisons of the P4 and P4* treatments were
made within the analysis of variance.
A similar analysis of variance model was fitted to the herbage mass produced from plots
which received DSP dressings in 1975 only. The design used enabled computation of
residual effectiveness of DSP applied in 1975 compared to the annual applications.
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3. Results
3.1 Establishment
Good germinating rains fell soon after sowing. More plants established (P 0.001) on Red
earth and Yellow lateritic earth (mean 18 plants/rn2) than on Pago sand (mean 6
plants/rn2) and there were more Fitzroy plants than Verano plants on Red earth (25 vs
16 plants/rn2 P c 0.001) and on Yellow lateritic earth (29 vs 7 plants/rn2 P 0.05). The
fertilizer treatments had no effect (P > 0.05) on establishment.
3.2 P Applied Annually (Pa)
3.2.1 Legume herbage mass
The herbage mass produced by the legume species in response to the Pa treatments
(DSP + basal) is presented in Figure 2.
Herbage mass was highly variable with coefficients of variation (cv) exceeding 35% in
the establishment year on Red earth and Pago sand, and in the final year on all sites. In
the establishment year the herbage mass produced by both species was low. Verano
was initially faster growing than Fitzroy and in the June sampling of the first year, rnean
herbage mass of Verano was 30 g/m2 compared with 7 g/m2 for Fitzroy. However, in the
period June to November, Fitzroy grew strongly and the combined herbage mass
produced in June and November, (Figures 2 aei) was the same for both species at all
sites (P 0.05). In subsequent years Fitzroy produced more than Verano, in 1976 on Red
earth (P <0.05) and Yellow lateritic earth (P <0.001); and in 1978 on Red earth (P
<0.01).
There was little evidence of a plateau in the herbage mass produced with increasing
levels of DSP for either Verano or Fitzroy on Pago sand, or for Verano on Yellow latertic
earth and there were positive responses (P <0.05) up to the maximum level of DSP
used (see Figures 2a to 21). On Red earth there was no increase in the herbage mass
of Verano or Fitzroy (P <0.05) from P applications over 50 kg/ha DSP with the exception
of Verano in 1976. Similarly there were no responses (P <0.05) from Fitzroy on Yellow
lateritic earth beyond 50 kg/ha DSP except in the first year. When no DSP was applied,
the herbage mass of Fitzroy after the establishment year, varied from about 80 g/m2
(Pago sand 1976) to over 400 g/m2 (Red earth 1976). The herbage mass of Verano
when no DSP was applied was generally lower and only once exceeded 200 g/m2 (Red
earth 1976). However, in the absence of applied DSP, Fitzroy produced significantly
more than Verano only in 1978 on Red earth (P <0.05).
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3.2.2 Herbage mass of volunteer species
In the establishment year higher levels of DSP increased the herbage mass of volunteer
species (see table 1) on both Yellow lateritic earth and Pago sand (P <0.05), but
decreased production in 1976 on Red earth and Yellow lateritic earth (P <001); and
Pago sand (P <0.05). Phosphorus levels had no effect (P <0.05) on the herbage mass
of volunteer species in l977 but again decreased production on Pago sand in 1978 (P
<0.05).
Table 1. The effect of annual double superphosphate treatments on the
annual herbage mass of grass and other volunteer species
P0 P1 P2 P4 S.E.M. CV% F test of trend
(g/m2) Linear Non-linear
Red Earth
1975 83 93 73 64 12.8 40 NS NS
1976 135 100 62 30 14.9 49 P<0.001 NS
1977 137 159 141 148 34.6 58 NS NS
1978 122 299 299 273 56.5 58 NS NS
Yellow lateritic earth
1975 40 53 63 66 6.9 33 P<0.05 NS
1976 53 33 16 20 5.5 50 P<0.001 P<0.05
1977 59 93 65 67 15.3 55 NS NS
1978 78 114 57 50 20.2 65 NS NS
Pago Sand
1975 42 59 62 82 7.6 31 P<0.05 NS
1976 85 63 41 38 13.8 67 P<0.05 NS
1977 29 18 17 20 9.9 113 NS NS
1978 40 20 17 14 6.2 69 P<0.05 NS
P0_4 = 0, 25, 50 and 100 kg/ha double superphosphate applied annually plus basal
fertilizer.
S.E.M = standard error of a mean variance.
CV% = coefficient of variation (percentage).
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The proportion of sown legume of the total herbage mass harvested on each treatment
is shown in Figures 2m to 2x. Higher levels of DSP resulted in a higher percentage of
sown legume in the sward (P <0.001) in 1976 on Red earth, in 1975, 1976, 1977, 1978
(P <0.01) on Yellow lateritic earth and in 1976 and 1978 on Pago sand.
3.3 P applied initially (Pi)
There were significant increases in legume herbage mass to the Pi treatments in the
second year (1976) on both Red earth and Yellow lateritic earth (P <0.001). Results on
Pago sand were again obscured by the high variability between plots (cv 80-121%).
There were no responses to residual fertilizer in 1977 nor 1978. As the data were not
amenable to calculation of residual effectiveness by methods described by Barrow and
Campbell (1972), we have attempted to present (see Figure 3) a derived expression for
the residual effectiveness of the Pi treatments in subsequent years. For each year x site
x variety combination we have taken the maximum herbage mass produced within the
Pa plots as a common denominator and defined a residual effectiveness (RE) value as
100 x [Pi treatment herbage mass/Pa maximum herbage mass].
In 1976, the residual effectiveness of the DSP applied in 1975 was between 35 and 60%
at Pi4 for Verano and between 40 and 70% at Pi4 for Fitzroy.
Generally, there was a consistent pattern or relative herbage mass declining to a low
level by 1977 or 1978 where the legumes without annual fertlilzer produced less than 20
per cent of Pa max.  The one exception was Fitzroy on Red earth which produced 48 to
76% of Pa max in 1977 and 86 to 140% of Pa max in 1978.
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3.4 Herbage Chemical Composition
The phosphorus, nitrogen, calcium, and sulfur concentrations of the various pasture
components harvested when mature in May or June, at the three sites are given in
Appendix 1.
There were no apparent differences between the N, Ca, P and S contents of the
herbage components from the Pa and the Pi treatments and these results have
therefore not been presented. Because samples for chemical analyses were bulked
across replicates we are unable to perform statistical analyses and the results are
simply discussed in a general way.
While P, N and S concentrations of each component were similar on all soils, the Ca
concentrations appeared lower on Pago sand than on the other soils.
In the first year of the trial, plots were sampled twice, once in June when plants had
matured (see appendix 1) and again in November. The later sampling was after some
early rains and the material sampled was young regrowth. The N, P and S
concentrations in this material was much higher than in the mature material and ranged
from 1.9 to 2.6% N, 0.07 to 0.17% P and 0.13 to 0.20% S for the sown legumes.
Comparable ranges for the mature material were 0.7 to 2.2% N, 0.02 to 0.12% P and
0.02 to 0.15% S.
The rate of applied DSP, appeared to have no effect on the N, Ca or S concentrations in
any of the components tested. On the other hand there were some small positive effects
of increasing levels of Pa on the P concentrations in legume and grass components
after the first year. For example, the P concentration in the legumes for 1976 to 1978
ranged from 0.02 to 0.05% for the P0 treatment compared to 0.05 to 0.11% for P4.
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Figures 3a to 3f
The residual effectiveness (RE) of double superphosphate (DSP) in the first year (1975)
to subsequent years on herbage mass, for each of the 3 soil-types by 2 stylo-cultivars.
The 5%LSD is averaged over the years and rates except for cases where this is not
plausible due to non-uniformity, then more than one LSD is shown.
(+) The large average LSD indicates that some of initial plots exceceed the maximum of
the annually applied plots at the DSP values P25 and P50 in each of the there years.
(++) The average LSD for 1978 only was much larger due to the same season as in (+).
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3.5 Responses to Other Nutrients
The effect of the addition of plant nutrients, other than phosphorus, on legume herbage
mass was assessed in the experiment by comparing the P4 with the P4* treatment from
which the basal fertilizer was omitted (see Table 2).
Table 2. The effect of essential nutrients other than phosphorus on sown
legumes and volunteer species given annual double superphosphate treatments
Soil and Year Significant effects S.E.M. Essential Nutrients
Applied Not applied
(mean response)
Red Earth
1975 Per cent legume (P<0.05) 5% 58% 41%
1977 Legume herbage mass
(P<0.05)
55 500g/m2 321g/m2
Yellow lateritic earth
1975 Volunteer herbage mass 7 66g/m2 38g/m2
(P<0.05)
Per cent legume (0<0.01)
Pago Sand
1975 Volunteer herbage mass 8% 82g/m2 58g/m2
(P<0.05)
1976 Legume herbage mass 55 847g/m2 505g/m2
(P<0.001)
1977 Legume herbage mass
(P<0.05 Verano) 24 127g/m2 58g/m2
Fitzroy 24 44g/m2 137g/m2
1978 Legume herbage mass 69 581 372
(P<0.05)
S.E.M. = standard error of a mean.
There were indications from all soils that there are nutrients other than phosphorus,
which limit growth.
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4. Discussion
The Kimberley Pastoral Industry Inquiry (1985) highlighted the problems of the cattle
industry in North Kimberley and suggested the development of low cost methods of
establishing improved pastures in the region.
Our results show that there are prospects for establishing Stylosanthes species and
Fitzroy in particular without phosphatic fertilizer on some North Kistherley soils which
contained less than 2 ppm bicarbonate extractable P. Fitzroy produced over 400 g/m2
herbage mass on Red earth and about 100 to 200 g/m2 on Yellow lateritic earth over
years 2, 3 and 4 of the trial with no applied phosphorus. Verano on the other hand
produced 250 g/m2 in the second year on Red earth however, by Year 4 its herbage
mass was only about 30 g/m2. On other soils herbage mass of Verano without P was
generally much lower than 100 g/m2.
Herbage mass was maximized after two or three years application of 50 kg/ha DSP for
both Verano and Fitzroy on Red earth, and for Fitzroy on the Yellow lateritic earth soil.
Otherwise there were positive responses up to the maximum level used even after the
application of 100 kg/ha DSP for four years consecutively.
The response in legume herbage mass to residual P following the application of DSP in
the establishment year was apparent in the second year but had disappeared by the
third year. With one minor exception, the most efficient use of residual P in the second
year was after the application of 100 kg/ha DSP in the establishment year. Legume
herbage mass for this treatment was between 36 and 69% of the maximum
corresponding yields of the annually applied P treatments.
In most of the situations examined the residual effectiveness of DSP as measured by
the herbage mass of both Verano and Fitzroy declined to consistently low levels by the
third or fourth year after the initial DSP treatments were applied. Typical levels were
between 10 and 20% of the corresponding maximum herbage mass of the annually
fertilized treatments.
The one notable exception was on Red earth where the relative herbage mass of Fitzroy
in the residual P treatments improved in each succeeding year until in the fourth year
these treatments produced as much as the annually applied DSP treatments. It is
significant however that over the same period the proportion of Fitzroy in the total
herbage mass for annually applied DSP treatments steadily declined from 72-98% in
1976 to 43-58% in 1978. In contrast the proportion of Fitzroy in the residual P treatments
remained at between 60-90% of the total herbage mass.
An efficient fertilizer regime for Fitzroy on Red earth appears to be the application of 50
to 100 kg/ha DSP in the establishment year with no further applications. From the
results of this trial there were significant and marked responses on this soil type to DSP
applied in the establishment year and to residual P in the second year. Legume
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production in the two subsequent years continued to be acceptable and similar to plots
which received DSP fertilizer applied each year.
For Verano on Red earth, and on the remaining Kimberley soils tested, both Verano and
Fitzroy require additional P in subsequent years to sustain growth.
Overall, Fitzroy produced more than Verano, which is consistent with the performance of
S. scabra selections in northern Australia reported by other workers (Edye et al. 1975;
Edye et al. 1976). Fitzroy grew slowly at first and at the June harvest in the
establishment year, the herbage mass of Verano was four times that of Fitzroy. This
slow start appears to be a common feature of S.  scabra selections (Edye et al.1976).
Some workers (Norman 1965; Jones 1968) have found that much of the response to
superphosphate fertilizer is in the grass component of the sward. In the first year of this
study, when legume production was low, the grass and other native species responded
positively to increasing levels of DSP on the Yellow lateritic earth and Pago sand. In
subsequent years, when legume production was much higher, with increasing DSP
there was either a reduction or no effect on the herbage mass of other species. Similar
results have been reported by Hall (1979) for some soils in North West Queensland and
by McLean et al. (1981) in grazing studies at Katherine in the Northern Territory. While
there were only minor responses in herbage mass of volunteer species to the levels of
DSP applied in each year on Red earth, the overall proportion of grass and other
species in the sward steadily increased from year to year with the continued application
of P. Thus in 1Q76 volunteer species were a negligible component of the sward but by
1978 they amounted to about 50%.
It would seem from the chemical analysis of pasture components in this study that
phosphorus deficiencies are likely in cattle grazing Fitzroy or Verano based pastures on
north Kimberley soils even if moderately high rates of P are applied. In the
establishment year P contents of both sown legume and native species were marginal
for growth of beef cattle given that the minimum requirement for steers is 0.12% (Little
1980). In subsequent years, P contents of the total herbage fell to about 0.05% in June,
which suggests that for most of the year these pastures are deficient in P for normal
growth of cattle. These phosphorus levels are similar to those reported for other
Stylosanthes species based pastures in Northern Australia (Norman 1965; Fisher and
Campbell 1972; and Hall 1979; Probert and Williams 1986) and some form of P
supplementation may be beneficial for cattle production on these pastures.
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Appendix 1
The chemical composition of bulked samples from piots for Verano and Fitzroy stylos,
volunteer grasses and other species; grown on three soils with different phosphorous
treatments sampled over the 4 years.
A * within the table indicates insufficient sample or not analysed.
P0 to P4 represent the levels 0, 25, 50 and 100 kg/ha of double superphosphate applied
annually plus basal fertilizer. P4* is the same rate as P4 but without basal fertilizer.
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(a) Percentage Calcium
YEAR SOIL PLOT LEGUME GRASS OTHER
P0 P1 P2 P4 P4* P0 P1 P2 P4 P4* P0 P1 P2 P4 P4*
1975 RedEarth Verano 1.95 1.60 1.67 1.68 1.76 0.50 0.70 0.64 0.60 0.66 1.56 1.16 1.10 1.25 1.44
Fitzroy 1.84 1.76 1.70 1.75 2.01 0.64 0.57 0.50 0.58 0.57 1.25 1.60 1.20 1.23 1.0
YLE Verano 1.42 1.40 1.38 1.26 1.35 0.59 0.57 0.57 0.65 0.63 1.29 1.0 1.08 1.34 1.28
Fitzroy 1.58 1.71 1.62 1.65 1.70 0.50 0.50 0.54 0.61 0.64 1.38 1.25 1.70 1.70 1.32
Pago
Sand Verano 1.06 0.86 0.86 0.95 0.9 0.29 0.26 0.35 0.25 0.23 0.97 1.1 0.55 0.4 0.69
Fitzroy * 1.03 0.85 1.02 0.98 0.26 0.29 0.29 0.29 0.28 0.73 0.57 0.54 0.9 0.72
1976 RedEarth Verano 0.82 1.04 0.89 1.01 0.73 0.45 0.34 0.41 * 0.44 * * 1.61 2.29 1.88
Fitzroy 1.23 1.06 1.0 0.89 1.28 0.43 0.3 0.41 0.47 0.49 * 1.38 * * *
YLE Verano 0.80 0.87 0.82 0.88 0.72 0.42 0.37 0.52 0.45 * * * * * *
Fitzroy 1.07 1.08 0.79 0.78 1.24 0.39 0.43 0.34 0.42 0.36 * * * * *
Pago
Sand Verano 1.04 0.84 0.98 0.70 0.66 0.28 0.24 0.32 0.38 0.35 * * * * *
Fitzroy 0.98 0.75 0.62 0.94 1.27 0.26 0.25 0.30 0.25 0.38 0.68 * 0.57 * *
1977 RedEarth Verano 1.09 0.85 0.88 1.02 1.01 0.37 0.39 0.43 0.39 0.46 * * 1.43 1.76 1.72
Fiztroy 1.16 1.12 1.16 1.10 1.28 0.52 0.44 0.49 0.59 0.44 * * * * *
YLE Verano 0.93 0.71 0.74 0.63 0.84 0.34 0.35 0.25 0.31 0.23 0.78 0.70 * * *
Fitzroy 1.19 0.96 1.00 0.88 0.91 0.35 0.36 0.29 0.34 0.33 * * * * *
Pago
Sand Verano 0.59 0.63 0.60 0.5 0.65 0.21 0.19 0.21 0.25 0.23 * 0.51 * * *
Fitzroy 0.68 0.61 0.50 0.67 0.70 0.20 0.23 0.21 0.32 0.23 0.42 * 0.39 1.04 0.52
1978 RedEarth Verano 0.67 0.95 0.97 1.05 1.04 0.30 0.45 0.57 0.57 0.44 * * * * *
Fitzroy 1.11 0.94 0.88 0.93 1.08 0.60 0.21 0.42 0.45 0.62 * * * * *
YLE Verano 1.09 0.82 0.77 0.79 0.93 0.45 0.48 0.31 0.30 0.32 * * * * *
Fitzroy 1.12 1.10 0.72 1.01 0.99 0.39 0.41 0.41 0.33 0.38 * * * * *
Pago
Sand Verano * 0.62 0.65 0.98 0.61 * 0.19 0.28 0.24 0.25 * 0.65 * * *
Fitzroy 0.81 * 0.63 0.70 0.78 0.41 * 0.26 0.24 0.31 * * * * *
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 (b) Percentage Phosphorous
YEAR SOIL PLOT LEGUME GRASS OTHER
P0 P1 P2 P4 P4* P0 P1 P2 P4 P4* P0 P1 P2 P4 P4*
1975 RedEarth Verano 0.05 0.04 0.04 0.06 0.04 0.05 0.06 0.05 0.06 0.05 0.08 0.05 0.05 0.06 0.06
Fitzroy 0.09 0.08 0.08 0.08 0.09 0.05 0.06 0.05 0.06 0.05 0.07 0.06 0.06 0.07 0.06
YLE Verano 0.06 0.05 0.06 0.06 0.04 0.05 0.05 0.04 0.05 0.05 0.05 0.06 0.06 0.07 0.07
Fitzroy 0.09 0.09 0.08 0.09 0.09 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.07 0.07
Pago
Sand Verano 0.07 0.08 0.08 0.09 0.09 0.05 0.07 0.06 0.05 0.06 0.05 0.07 0.05 0.06 0.09
Fitzroy * 0.12 0.11 0.12 0.11 0.05 0.06 0.05 0.06 0.05 0.08 0.05 0.06 0.08 0.08
1976 RedEarth Verano 0.02 0.03 0.03 0.04 0.06 0.03 0.03 0.04 0.06 0.06 * * 0.04 * 0.09
Fitzroy 0.04 0.03 0.04 0.04 0.06 0.03 0.01 0.05 0.08 0.06 * 0.05 * * *
YLE Verano 0.03 0.03 0.04 0.04 0.04 0.02 0.03 0.04 0.04 * * * * * *
Fitzroy 0.03 0.03 0.02 0.04 0.05 0.02 0.02 0.03 0.04 0.05 * * * * *
Pago
Sand Verano 0.04 0.04 0.04 0.05 0.06 0.03 0.04 0.05 0.05 0.08 * * * * *
Fitzroy 0.05 0.04 0.04 0.05 0.06 0.04 0.04 0.04 0.05 0.06 0.05 * 0.06 * *
1977 RedEarth Verano 0.04 0.02 0.03 0.04 0.06 0.02 0.02 0.03 0.04 0.05 * * 0.03 0.07 0.06
Fiztroy 0.04 0.04 0.06 0.09 0.08 0.03 0.03 0.05 0.07 0.06 * * * * *
YLE Verano 0.02 0.03 0.04 0.04 0.05 0.01 0.02 0.04 0.05 0.03 0.03 0.04 * * *
Fitzroy 0.04 0.03 0.04 0.08 0.11 0.02 0.02 0.02 0.06 0.04 * * * * *
Pago
Sand Verano 0.03 0.02 0.03 0.04 0.07 0.02 0.02 0.03 0.04 0.04 * 0.04 * * *
Fitzroy 0.03 0.04 0.04 0.07 0.07 0.02 0.03 0.03 0.06 0.04 0.03 * 0.05 0.10 0.05
1978 RedEarth Verano 0.03 0.02 0.04 0.05 0.06 0.02 * 0.05 0.06 0.09 * * * * *
Fitzroy 0.03 0.05 0.04 0.06 0.08 0.04 0.03 0.03 0.06 0.08 * * * * *
YLE Verano 0.03 0.03 0.08 0.04 0.06 0.04 0.02 0.07 0.06 0.09 * * * * *
Fitzroy 0.04 0.04 0.08 0.06 0.08 0.05 0.03 0.06 0.04 0.05 * * * * *
Pago
Sand Verano * 0.03 0.04 0.04 0.06 * 0.04 0.05 0.03 0.08 * * * * *
Fitzroy 0.05 * 0.05 0.05 0.09 0.03 * 0.06 0.04 0.07 * * * * *
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 (c) Percentage Sulphur
YEAR SOIL PLOT LEGUME GRASS OTHER
P0 P1 P2 P4 P4* P0 P1 P2 P4 P4* P0 P1 P2 P4 P4*
1975 RedEarth Verano 0.09 0.06 0.08 0.09 0.07 0.11 0.08 0.10 0.11 0.09 0.13 0.12 0.11 0.10 0.10
Fitzroy 0.12 0.10 0.11 0.11 0.11 0.10 0.09 0.11 0.11 0.09 0.14 0.10 0.11 0.15 0.09
YLE Verano 0.11 0.09 0.10 0.08 0.07 0.14 0.10 0.10 0.10 0.09 0.18 0.14 0.11 0.11 0.09
Fitzroy 0.10 0.13 0.12 0.12 0.10 0.13 0.13 0.14 0.12 0.13 0.18 0.13 0.19 0.14 0.12
Pago
Sand Verano 0.11 0.12 0.12 0.13 0.12 0.13 0.13 0.10 0.10 0.09 0.21 0.26 0.16 0.15 0.11
Fitzroy * 0.13 0.14 0.15 0.12 0.16 0.13 0.13 0.11 0.08 0.22 0.13 0.18 0.14 0.10
1976 RedEarth Verano 0.07 0.08 0.06 0.06 0.05 0.08 0.04 0.06 0.06 0.06 * * 0.06 * 0.04
Fitzroy 0.06 0.06 0.06 0.05 0.05 0.07 0.09 0.10 0.09 0.08 * 0.08 * * *
YLE Verano 0.08 0.07 0.08 0.08 0.06 0.08 0.08 0.09 0.10 * * * * * *
Fitzroy 0.06 0.05 0.05 0.06 0.06 0.09 0.07 0.08 0.08 0.08 * * * * *
Pago
Sand Verano 0.09 0.08 0.09 0.08 0.03 0.11 0.10 0.09 0.08 0.08 * * * * *
Fitzroy 0.09 0.04 0.06 0.05 0.05 0.08 0.06 0.07 0.06 0.06 0.13 * 0.13 * *
1977 RedEarth Verano 0.05 0.07 0.04 0.06 0.03 0.04 0.05 0.04 0.04 0.04 * * 0.04 0.06 0.04
Fiztroy 0.06 0.05 0.05 0.06 0.05 0.05 0.06 0.07 0.06 0.05 * * * * *
YLE Verano 0.07 0.07 0.06 0.05 0.04 0.07 0.05 0.05 0.05 0.04 0.10 0.12 * * *
Fitzroy 0.07 0.05 0.05 0.05 0.05 0.06 0.05 0.06 0.06 0.04 * * * * *
Pago
Sand Verano 0.05 0.04 0.04 0.05 0.07 0.07 0.07 0.06 0.06 0.05 * 0.09 * * *
Fitzroy 0.06 0.06 0.05 0.06 0.04 0.06 0.06 0.06 0.06 0.06 0.09 * 0.09 0.06 0.06
1978 RedEarth Verano 0.08 0.04 0.03 0.02 0.03 * * * * * * * * * *
Fitzroy 0.06 0.04 0.03 0.05 0.06 * * * * * * * * * *
YLE Verano 0.07 0.05 0.06 0.05 0.04 * * * * * * * * * *
Fitzroy 0.06 0.07 0.05 0.07 0.05 * * * * * * * * * *
Pago
Sand Verano * 0.06 0.04 0.07 0.06 * * * * * * * * * *
Fitzroy 0.08 * 0.09 0.09 0.05 * * * * * * * * * *
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 (d) Percentage Nitrogen
YEAR SOIL PLOT LEGUME GRASS OTHER
P0 P1 P2 P4 P4* P0 P1 P2 P4 P4* P0 P1 P2 P4 P4*
1975 RedEarth Verano 1.46 1.18 1.17 1.57 1.36 0.69 0.77 0.75 0.80 0.64 1.31 1.14 1.10 1.18 1.23
Fitzroy 1.98 1.79 1.80 1.78 2.02 0.67 0.64 0.61 0.75 0.57 1.54 1.25 1.02 1.18 1.14
YLE Verano 1.52 1.36 1.49 1.22 1.22 0.96 0.74 0.70 0.83 0.83 1.44 1.31 1.28 1.34 1.33
Fitzroy 2.03 1.90 1.92 1.89 1.82 0.93 0.83 0.88 0.86 0.98 1.47 1.38 1.30 1.50 1.39
Pago
Sand Verano 1.92 1.87 1.57 1.95 1.79 1.06 0.83 0.68 0.62 0.77 1.26 1.24 1.15 1.06 1.57
Fitzroy * 2.06 2.24 2.22 2.00 0.80 0.82 0.83 0.72 0.67 1.97 * 1.54 1.46 1.60
1976 RedEarth Verano 0.93 1.04 1.09 1.06 0.85 0.46 0.48 0.64 * 0.61 * * 0.88 1.15 0.90
Fitzroy 0.98 0.94 0.98 0.85 1.14 0.53 0.40 0.58 0.74 0.51 * 1.00 * * *
YLE Verano 0.86 0.98 1.06 1.20 1.02 0.06 0.56 0.70 0.67 * * * * * 0.00
Fitzroy 0.86 0.86 0.77 1.09 1.09 0.53 0.51 0.50 0.67 0.59 * * * * *
Pago
Sand Verano 1.34 1.09 1.14 1.14 1.06 0.53 0.48 0.75 0.83 0.70 * * * * *
Fitzroy 1.33 0.93 0.86 1.15 1.09 0.61 0.64 0.58 0.66 0.58 1.25 * 1.36 * *
1977 RedEarth Verano 0.83 0.85 0.82 0.90 0.85 0.35 0.35 0.43 0.43 0.44 * * 0.67 0.99 0.74
Fiztroy 1.01 0.98 1.07 1.16 1.10 0.44 0.41 0.67 0.70 0.46 * * * * *
YLE Verano 0.93 0.90 1.02 1.09 0.84 0.30 0.40 0.46 0.51 0.25 0.76 0.62 * * *
Fitzroy 1.04 0.90 1.01 1.07 1.07 0.39 0.37 0.29 0.42 0.34 * * * * *
Pago
Sand Verano 0.76 0.67 0.75 1.07 1.25 0.33 0.38 0.49 0.49 0.38 * 1.11 * * *
Fitzroy 1.05 0.99 0.98 1.17 0.96 0.34 0.35 0.39 0.41 0.39 1.17 * 1.25 0.87 1.06
1978 RedEarth Verano 0.67 0.84 0.93 0.89 0.76 0.24 * 0.43 0.50 .034 0.08 0.00 * * *
Fitzroy 1.06 0.94 0.81 0.89 1.00 0.53 0.55 0.46 0.45 0.60 * * * * *
YLE Verano 1.21 0.98 1.08 1.00 0.98 0.51 0.52 0.58 0.56 0.54 * * * * *
Fitzroy 1.13 1.10 1.01 1.22 1.07 0.64 0.42 0.56 0.50 0.52 * * * * *
Pago
Sand Verano * 0.97 0.98 1.37 1.24 * 0.49 0.62 0.58 0.58 * * * * *
Fitzroy 1.12 * 1.21 1.20 1.12 0.46 * 0.64 0.57 0.62 * 0.00 * * *
